Background and Objectives-This study examined the role of lifetime trauma exposure in a longitudinal study of adults with cardiovascular disease to determine the unique contribution of trauma exposure to risk for drug and alcohol problems and smoking.
Introduction
The high co-occurrence of posttraumatic stress disorder (PTSD) and substance use disorders (SUD) continues to be documented across civilian and veteran populations. 1, 2 Three primary hypotheses exist to explain the high co-occurrence of trauma exposure and substance use disorders. 3 . The most widely supported hypothesis is that self-medication of distress after trauma drives comorbidity with SUD. [4] [5] [6] [7] Another frequently cited explanation is that substance misuse places individuals at increased risk for trauma exposure, 8 perhaps through lifestyle factors such as association with violent peers and engagement in illegal activities. A third explanation attributes the association of substance misuse with trauma exposure to one or more additional factors that confer risk for both problems, for example, genetic and environmental factors. 9 In many studies of co-occurring PTSD and substance use disorders, people who have been exposed to traumatic events are included in the non-PTSD "control" groups. Epidemiological research shows that a significant percentage of the population is exposed to potentially traumatic events even though most people do not go on to develop PTSD or other diagnosable psychopathology. 10, 11 More recently, investigators have begun to examine negative outcomes related to trauma exposure beyond what can be explained by the PTSD diagnosis. Existing studies suggest that exposure to potentially traumatic events (e.g., interpersonal violence, natural disasters, combat) may increase the risk for alcohol and drug abuse in individuals who never develop PTSD, in whom PTSD has resolved, or beyond the risk conferred by PTSD itself. 12, 13 There is strong evidence of the negative cumulative effects of trauma exposure, including a dose-response effect of trauma exposure and risk for substance use problems. 14 Some studies have found, however, that exposure to trauma (including combat) without PTSD was not sufficient to account for risk of alcohol and other drug use disorders. 3, [15] [16] [17] The cross-sectional nature of most prior studies has not permitted the examination of these relationships over time.
We examined the role of lifetime trauma exposure in a longitudinal study of adults to determine the unique contribution of trauma exposure to risk for drug and alcohol problems and smoking. We controlled for PTSD and depression at the time of the substance use assessments to determine what predictive role exposure to stressful experiences might play in the development of substance addiction. In addition to trauma exposure, we examined the risk associated with specific types of trauma exposure, including physical assault, sexual assault, natural disasters, serious accidents, and combat. Because the study was longitudinal, we were able to examine risk models for substance use outcomes at baseline and at a 5-year follow-up. We hypothesized that lifetime exposure to more types of trauma would confer greater risk for drug, alcohol, and nicotine addiction. We also predicted that exposure to interpersonal traumatic events and combat would increase risk for later substance use problems.
Methods

Participants
The Heart and Soul Study is a prospective cohort study designed to determine the mechanisms of associations between psychological factors and increased risk of cardiovascular events in patients with cardiovascular disease (CVD). Methods have been described previously. 18 Administrative data were used to identify outpatients with documented coronary artery disease at two Department of Veterans Affairs Medical Centers (San Francisco VA Medical Center and the VA Palo Alto Health Care System, California), one university medical center (University of California, San Francisco), and nine public health clinics in the Community Health Network of San Francisco. Patients were eligible to participate if they had known CVD documented by at least one of the following: a history of myocardial infarction, angiographic evidence of ≥50% stenosis in one of more coronary vessels, prior evidence of inducible ischemia by treadmill or nuclear testing, or a history of coronary revascularization. Between September 11, 2000 and December 20, 2002, a total of 1,024 participants were enrolled. Two participants were excluded from the final analysis because they did not complete the Diagnostic Interview Schedule for PTSD, leaving 1,022 participants for baseline analyses. Between September 2005 and December 2007, 667 participants (80% of the 829 survivors) completed a 5-year follow-up examination (Y5).
Trauma Exposure
Variables-A lifetime history of 17 traumatic events was assessed at baseline using the Computerized Diagnostic Interview Schedule for DSM-IV (CDIS), a validated computer-based interview administered by trained research personnel. 19, 20 This standardized tool includes questions about traumatic events, such as being shot or stabbed, being sexually assaulted, or seeing someone seriously injured or killed. Individuals who had been in military combat were also asked if they had been held captive or tortured, been wounded, seen someone seriously injured or killed, or unexpectedly discovered a dead body during their military service. All responses were coded yes/no, and a trauma exposure score was calculated (range 0 to 17, including the 4 combatrelated items). The number of types of lifetime traumatic events followed a normal distribution.
Drug and Alcohol Use
Variables-Drug and alcohol use were assessed using questions created for this study. The same questions were used at the baseline and Y5 follow-up visits. To evaluate history of drug addiction, participants were asked, "Has a doctor or nurse ever told you that you have drug addiction/abuse?" To evaluate history of alcoholism, participants were asked "Has a doctor or nurse ever told you that you have alcoholism or problem drinking?" Smoking status was assessed with the question, "Do you currently smoke cigarettes?"
Covariates-PTSD was evaluated with the Computerized Diagnostic Interview
Schedule for DSM-IV (CDIS), a validated, computer-based interview administered by trained research personnel, 19 which assesses PTSD based on criteria outlined in the Diagnostic and Statistical Manual IV American Psychiatric Association. 20 The CDIS has a sensitivity of 88% and specificity of 73% compared to gold standard clinical interviews for PTSD and it has shown good test re-test reliability. 21 Depression was assessed with the validated 9-item Patient Health Questionnaire (PHQ). 22 A score of 10 or higher has a sensitivity of 88% and a specificity of 88% for major depressive disorder. 23 Participants also completed a demographic questionnaire. Demographic covariates were selected based on their statistically significant relationships to the number of trauma types: gender, age, and race (White versus non-White).
Statistical analysis
Descriptive statistics were computed for baseline and Y5 for the following variables: demographics, history of substance use problems, and depression and PTSD. A series of ANCOVAs were conducted with a separate analysis for each substance use history measure (i.e., history of alcoholism or drug abuse or current smoking at baseline and at Y5). For each ANCOVA, the dependent variable was the number of trauma exposure types and the independent variable was one of the substance use history variables. The covariates in each model were demographics (age, gender, and White versus non-White race), PTSD, and depression. In the ANCOVA analyses of Y5 data, baseline measures of substance use history were also included as covariates.
Logistic regression analyses were conducted to examine the relationships between each substance use outcome variable and PTSD and depression at BL and Y5, using data from participants who completed assessments at both time points. These analyses were stratified by gender and included age and race (White versus non-White) as covariates. To test the relative associations of different trauma types to substance use histories, we used logistic regression. We examined five specific types of trauma exposure as predictors: physical assault, sexual assault, disasters (e.g., fire, flood, and earthquake), serious accidents, and combat. Each substance use history variable was analyzed as the dependent variable in its own logistic regression model. We tested each regression model in two stages, starting with trauma exposure variables and demographic covariates entered first, and then adding PTSD and depression as covariates. IBM SPSS Statistics Version 20 was used to conduct all statistical analyses. 24 
Results
Descriptive statistics for baseline and Y5 are presented in Table 1a and 1b, including demographics, history of substance use problems, current depression, history of PTSD, coronary heart disease indicators (Table 1a) , and exposure to different trauma types (Table  1b) . Analyses were conducted with the full available data at BL and Y5, then again with only the data from the subset of participants who completed both BL and Y5 assessments. The pattern of results was the same in both sets of analyses, although the lower statistical power in the subsample analyses made the tests for some associations statistically nonsignificant.
PTSD and depression as predictors of a history of alcohol and drug addiction/abuse and smoking
As noted above, these analyses included age and race (White versus non-White) as covariates and they were conducted on data from the subsample of participants who completed both time points. At BL, a history of alcoholism was not associated with PTSD or depression for men (p = .08 and .89, respectively) or women (p = .28 and .74, respectively). At Y5, a history of alcoholism was associated with depression among men (OR = 2.22, 95% CI 1.21 -4.08), but not women (p = .84). PTSD was not significant in either Y5 equation for history of alcoholism (men: p = .90 and women: p = 1.00). For history of drug problems at BL, neither PTSD nor depression was statistically significant in models for male (p = .87 and .16, respectively) or female participants (p = .22 and .48, respectively). At Y5, however, depression was associated with a greater likelihood of a drug problem history for men (OR = 5.28, 95% CI 2.36 -11.82), but not for women (p = .53). PTSD was not significant in the equation for either gender for history of drug problems reported at Y5 (men: p = .93 and women: p = .39). Smoking at BL was not associated with PTSD or depression for men (p = . 19 and .19, respectively) or women (p = .10 and .78, respectively). At Y5, depression was a significant predictor in the male sample (OR = 2.50, 95% CI 1.36 -4.59), but not for women (p = .16). PTSD was not significant for either gender to predict smoking status at Y5 (men: p = .42 and women: p = 1.0).
Number of types of trauma exposure as a predictor of a history of alcohol and drug addiction/abuse and smoking
An ANCOVA was conducted to compare number of types of trauma exposure for participants with and without a history of alcoholism. The mean (adjusted mean ± SE) number of trauma types was higher in the group with a history of alcoholism (See Table 2 ). An ANCOVA was conducted to compare groups who did and did not report a history of alcoholism at Y5 on their reports of trauma exposure at baseline. The mean number of trauma types was higher in the group with a history of alcoholism at Y5 (See Table 2 ).
When a similar set of analyses was conducted to compare groups with and without a history of drug addiction or abuse, the same pattern of results emerged. In the ANCOVA, the group who reported a history of drug problems had a higher number of trauma types at baseline (See Table 2 ). At Y5, the group who reported a history of drug problems also had a higher number of trauma types at baseline (See Table 2 ).
Current smoking status was the final substance use outcome variable examined. At baseline, current smokers reported higher numbers of trauma types, even with PTSD and depression in the model as covariates (See Table 2 ). These group differences by smoking status did not hold at Y5.
Trauma types as predictors for alcohol problems, drug problems, and smoking
Alcohol Problems-As anticipated, the associations between trauma and substance use differed across types of traumatic events at baseline (see Table 3a ) and Y5 (see Table 3b ). For history of alcohol problems at baseline, physical assault and sexual assault were the only significant trauma variables in the model adjusted for demographics. In the final model, adjusted for demographics, PTSD, and depression, physical assault was again the only specific trauma exposure that predicted a history of alcohol problems, with additional variance accounted for by age (OR = .96, 95% CI .95 -.98) and gender (OR = .26, 95% CI . 13 -.55; males at greater risk). In gender-stratified baseline analyses, physical assault predicted alcohol problems for men and sexual assault predicted alcohol problems for women (Table 3a) .
At Y5, sexual assault was marginally significant (p = .06) in the model adjusted for demographics. In the final model adjusted for PTSD and depression, the baseline presence or absence of a history of alcohol problems largely accounted for reporting a history of alcohol problems at the Y5 follow-up (Table 3b ; OR = 77.59, 95% CI 35.71 -168.56). In gender-stratified Y5 analyses, none of the trauma types significantly predicted a history of alcohol problems in men and the model would not converge in our small sample of women (Table 3b) .
Drug Problems-In the initial demographics-adjusted model with trauma types predicting baseline history of drug problems, physical and sexual assault were significant predictors (Table 3a) . Both physical and sexual assault remained significant in the model adjusted for PTSD and depression, with additional variance accounted for by age, education, gender (OR = .30, 95% CI .13 -.73; males more at risk), and depression (OR = 2.83, 95% CI 1.60 -5.03). The gender-stratified baseline analyses showed that the results for men was consistent with the findings in the full sample, with physical and sexual assault appearing as significant predictors for a history of alcohol problems. None of the trauma types was a significant predictor of a history of alcohol problems reported for women at baseline.
At Y5, none of the trauma types predicted drug problems in either adjusted model. In final model, adjusted for PTSD and depression, baseline report of a history of drug problems was the strongest predictor (Table 3b ; OR = 59.51, 95% CI 18.65 -189.88). Depression (OR = 5.41, 95% CI 1.90 -15.45) was also a significant predictor variable. None of the trauma types was a significant predictor among the male sample, although depression was significant (OR = 5.24, 95% CI 1.81 -15.12). The models would not converge in the female sample.
Smoking-In the prediction of smoking status at baseline in the full sample, physical assault was significant in the demographics-adjusted model. In the final model adjusted for PTSD and depression, physical assault remained the only significant trauma variable, and additional variance was accounted for by age, race (OR = .70, 95% CI .50 -.99; Whites at lower risk), and depression (OR = 1.74, 95% CI 1.17 -2.58). Among men, physical assault was a significant predictor in the first model, but became marginally significant when PTSD and depression were added to the equation. Interestingly, among women, exposure to a disaster predicted a lower likelihood of being a smoker in models adjusted for demographics and for both demographics and PTSD and depression.
At Y5, none of the trauma types predicted smoking status in adjusted models. The only significant predictor in the Y5 final adjusted model were age (OR = .94, 95% CI .90 -.97) and baseline smoking status (OR = 130.70, 95% CI 57.10 -299.14). None of the trauma types was a significant predictor among the male sample and the models would not converge in the female sample.
Discussion
In this cohort of community-dwelling adults with coronary heart disease, exposure to a larger number of trauma types was associated with increased report of tobacco use and drug and alcohol problems at baseline, including models adjusted for PTSD and depression (see Table 3a ). Specific types of trauma, such as physical and sexual assault and serious accidents, were also independently associated with self-reported drug and alcohol problems and/or smoking. Reports of trauma exposure at baseline did not predict tobacco use and drug and alcohol problems 5 years later, at least not beyond the predictive power of covariates (demographics, PTSD, and depression). The most consistent predictors of Y5 reported history of substance use problems were baseline reports of those problems, although there was also a relationship between depression and Y5 reports of having a drug abuse history.
A large number of studies have documented the association of mental health disorders and increased rates of substance use, abuse, and dependence. The National Comorbidity Survey 10-year follow-up study found that baseline mood and anxiety disorders were predictive of at least one form of substance dependence. 25 This represents one of the largest prospective studies of mental health disorders and substance use. However, relatively few studies have evaluated the role of trauma in substance use independent of mental health disorders, especially PTSD. In those that have, the evidence has been mixed regarding the unique contribution of trauma exposure to risk for substance use disorders. 16, 17 Gender differences seem to account in part for the mixed findings. 3 Our gender-stratified analyses of PTSD and depression as predictors for substance use outcomes found, interestingly, that PTSD was not a significant predictor in any of the equations at baseline or the five year follow-up. The only significant findings in these analyses emerged in the associations between depression and all three substance use outcomes for men only at Y5. The results of our primary analyses of interest, examining the role of trauma exposure, were consistent with findings from a prior study that used data from the subset of trauma-exposed participants from a larger epidemiological study. They found that the number of types of traumatic events experienced predicted the likelihood of substance abuse, including nicotine, beyond the risk associated with a PTSD diagnosis. 26 Although PTSD is often the primary focus of traumatic stress research, increased risk for other forms of psychopathology is also associated with trauma exposure. 27 Several studies in veterans and civilians have supported the hypothesis that self-medication of PTSD drives comorbidity with SUD. [3] [4] [5] [6] It is possible that the association of trauma exposure and SUD is also driven by self-medication of distress other than or in addition to PTSD. A growing body of literature suggests that temperament may help determine whether individuals will respond to traumatic experiences with "externalizing" (e.g., drug and alcohol abuse) versus "internalizing" (e.g., depression) symptoms. [28] [29] [30] [31] In our results, depression was associated with increased risk for a history of alcohol and drug problems and smoking, at least among men at the five-year follow-up assessment.
Our results also extend the existing research which suggests that different types of trauma carry different degrees of risk for substance use disorders. 3, 5 In our sample, interpersonal traumas (i.e., sexual assault and physical assault) and serious accidents were more consistently related to drug and alcohol outcomes than were other types of trauma (i.e., disasters). Some authors have hypothesized that the intentional nature of some traumatic events and the degree to which they result in a sense of personal violation or injury may contribute to the likelihood of negative outcomes. 32 Interpersonal traumas may also be more likely to occur in the absence of protective factors sometimes associated with more collective traumatic experiences (e.g., shared experiences and community support during disasters, military training for combat). These findings warrant further research.
Limitations
The results of this study should be interpreted in light of several limitations. The Heart and Soul Study sample is majority male and all patients had existing heart disease, which may limit generalizability. Because participants in the Heart and Soul Study were asked to complete a very large number of assessments across health domains, many of the assessments for mental health and substance use were limited to brief screening questions (versus clinical diagnostic assessments). For example, the questions on history of substance use do not include data on type of substances, frequency of use, or total length of time used. History of PTSD and depression were also assessed with brief screening questions.; In-depth diagnostic assessments for these conditions could yield somewhat different results, although it is difficult to say in what direction the results might change. Typically, diagnostic assessments yield lower prevalence rates than do screening tools. In the case of this study, however, we asked participants about whether they had been told by a doctor or nurse that they had drug or alcohol problems; our intent was to capture substance use that reached diagnosable levels of misuse. This way of assessing for a history of substance use problems could be considered more conservative than a screener that asks only for the respondents' own knowledge of his or her use without being explicitly labeled as problematic by a healthcare provider. Similarly, though we used a validated trauma questionnaire to assess whether respondents were ever exposed to a range of categories of traumatic events, we do not have information about the frequency of different types of events, specific ages of occurrence, and patients' perceptions of the severity of each event. In addition, some of our analyses were limited in statistical power. The low prevalence of PTSD in our sample at the 5-year follow-up limited the power to detect a possible relationship between PTSD and substance use, so the results of those analyses should be viewed with caution. Finally, though the cohort was followed prospectively and the majority of the surviving participants completed Y5 follow-up, many participants were deceased at the follow-up time point and this may have reduced statistical power for prospective analyses.
Implications
This study suggests that evaluating patients' trauma history may provide valuable information on their risk for adverse health behaviors, such as tobacco, alcohol, and illicit substance use. In care settings where highly-traumatized populations are seen, it may be useful to institute standardized screening for substance use. This has been done throughout the Department of Veterans Affairs medical system, which requires regular screening for alcohol use problems and tobacco use. Beyond screening, it is important to consider how the overlap of psychological trauma and substance use disorders affects patient care. Our results suggest that though PTSD and depression play a role in this association, many other factors contribute, and therefore focusing on these psychological comorbidities alone may not be sufficient. Several integrated care models have been developed to simultaneously treat posttraumatic stress and substance abuse, and studies have demonstrated that such models improve retention rates and reduce substance abuse relapse rates. 33 In the absence of specific programs, integration of primary medical care with mental health care and/or case management support may also improve treatment for patients with substance use and comorbid mental and physical health problems. Examining such models is important if we wish to reduce SUD and improve the health and longevity of the large number of patients exposed to psychological trauma.
Table 1a
Sample characteristics at baseline and Y5. Table 2 Comparisons of groups with and without negative substance use conditions on number of traumatic event types experienced (adjusted means ± standard errors). Table 3a Types of trauma exposure predicting history of alcoholism, history of drug addiction/abuse, and smoking status at baseline. (Note: Combat was excluded from analyses for the female subsample because only 2 women reported having had combat experiences.) 
Table 3b
Types of trauma exposure predicting history of alcoholism, history of drug addiction/abuse, and smoking status at Y5. (Note: Combat was excluded from analyses for the female subsample because only 2 women reported having had combat experiences.) 
1 Adjusted for age, race, and gender (in full sample analyses). The baseline indicator for the outcome variable was also included in the model.
